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BPFECJT OF SCALE ON THE TRANSMISSION OP HEAT 
THROUGH IiOCX)MOTIVE BOIL£R TUBES . 

By Edward C. Sohhidt, M. E., Asbooiatb Pbopbssok op Railway 

Enoinbbbing, and 
John M. Smodgkass, B. S., Ivstrvctor in Railway Enoineerinq 

During' tlu» pa^^t twonty or thirty years there has been ronsid- 
enible discussion in railioad circles as tr) the otTcc t of scale upon 
the heat-transmitting l)io]>erties of tube .suiiaccs. and the con- 
sequent effect upon tlic coiisuinption of fuel. Statements as to 
the extent to which deposits of scale atfecl the t unductivity of a 
tube or sheet have been made from time to time and have differed 
"Widely. 

In a committee report on boiler incrustation in the Proceed- 
ings of the American Railway Master Mechanics Association of 
1872, we find the following quotation from a paper by Dr. Joseph 
G. Rodjjei-s before the American Association for the Advance- 
ment of Science, given as the best information which the commit- 
tee had been able to obtain: *'The evil effects of scale are due to 
tlio fact that it is rolativ<»l.\' n non-conductor of heat. Its conduct- 
ing power C()ini)ar('(l wit h tiiat of ii-<m is ns 1 toBT-T). This known, 
it is readily appreciated tliat more fuel is recjuired to heat water 
through scale and iion than through iron alone. It has l)een 
demonstrated that a scale A in. thick requires the extra expendi- 
ture of 157< more fuel. As the scale thicken.s the ratio increases. 
Thus when it is i in. thick, more is required; ** 
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The report continnes as follows : ' *0n most western roads incrusta- 
tions will form to a thickness of from i in. to A in. in the course 
of one year, and will inerease at a still greater ratio as long as 

the en^ne is kept in service. Thus after four month.s' time, there 
will have accumulated in our pn<;ines nearly ,V, in. of scale. If 
Dr. Rodjxers' theory be corr<H't, after one month's servic^^ onr 
engines will consume more fuel than at first; after two nu nt ] is' 
service and so on, niakinpr an avera^re for the year ol o\ er 
20% more fuel than they would have consumed if using pure 
water." 

In a report before the same Society in the year 1877 upon 
"Feed Water" a committee under the sub-heading, "The Effect of 
Incrustations on the Consumption of Fuel," reports in part as fol- 
lows: "The increase in the consumption of fuel, on account of 
incrustations on the heating surfaces of boilers, varies with the 
thickness and density of the dei>()sit. When porous the water 
will penetrate it, but when hard and compact it presents a com- 
plete barrier to the contact of the water with the heating surfaces. 
As incriistntions are poor conductors of heat, an increased con- 
sumption of fuel is inevitable where they exist.'' The committee 
then cites a number of cases for which suihcient data were e(jlieet- 
ed to estimate the per cent loss that wa.s occasioned due to scale 
deposits. A table showing the average miles run to one ton of 
coal by engines upon the Illinois Centi'al Railroad for three months 
prior to and for three months after the removal of incrustations, 
including 120 such cases and extending over a period of three 
years, showed as a general average an increase of 11^ in the con- 
sumption of coal for three months prior to the cleaning of the 
boilers, as compared with the three months immediately succeed- 
ing. The result of 11% loss due to scale is, of course, ^tirely a 
general result, as individual cases often showed less miles run per 
ton of coal after cleaning than before. This difference from the 
general result could in most cases be accounted for by weather 
differences. A second case is cited for two passenger engines, 
which were of the same si/e and pattern, and which were run with 
the same trains on alternate days. Records were kept for the six 
months preceding and six months following the cleaning of the 
boilers. Both engines had previouslj^ been cleaned at the same 
time and had nfade an average of 84,047 miles before the test be- 
gan. The tests as run showed a difference in favor of dean 
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heating: surf aces of 17.5%. Mr. Wells, the master mechanic mak- 
ing this test, however, concludes, on account of the scaled tubes 
being run more often during the winter months than the cleaned 
tabes, that of the 17. b% difference in consumption of fuel between 
dean and incrusted heatinsr surfaces about 2^ was due to temper- 
ature and 15^9^ to the effects of incrustation. Similar tests with 
two freight engines gave a difference of 2Q% in favor of clean heat- 
ing surfaces. A correction of 49£> was applied to this on account 
of different atmospheric temperatures under which the tests were 
made, "thus giving a net saving of 22^ in f&vor of clean boilers 
on two freight engines." 
» Other rases migrht be mentioned givinp: results more or less 

similar, also cases in which little or no loss wrs found to be occa- 
sioned by tiie presence of scale. Likewise, llie oi)inion lins been 
not uncommonly expressed that there is eitiier no fuel loss due to 
the pres»'nc(> of scale in the usual amounts or that loss is so small 
as to be of little practical importance. 

During the last few years there have been made by the Bail- 
way Engineering departmentof the University of Illinois four series 
of experiments to determine the relative conductivities for heat 
of clean and scale-covered locomotive boiler heating surfaces. A 
fifth series of tests is now being carried on along the same gen- 
eral lines as the others. It is the purpose of this bulletin to 
report upon the results of the first four series of these tests. 

The tests were planned with the purpose of determining, not 
only the actual transmission loss due to scale in individual cases, 
but also the relation of this loss to the scale thickness. The last 
thrcM^ series were arranged especially to try to determine wlietlier 
there is cany regularity of variation of heat transmission loss with 
scale thickness and to study at the same time the effects of chem- 
ical composition on this loss. 

It was recogni^^ from the outset that in any series of com- 
parative tests for the purpose of determining the loss In heat 
transmission due to the presence of sdale, practically exact 
similarity of conditions was essential for trustworthy results. A 
study of previous work done along this line* such as the cases 
and results already referred to, also served to emphasize the ne- 
cessity of sLich care. In all of the work hereinafter reported the 
greatest stress has been laid upon this point, i. e. the elimination 
of variations in conditions except the scale itself. The difficulties 
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which have been encountered while ])rosecuting this work have 
still further emphasized tliis necessity. The difficulties attend- 
ing road-testing are well understood both as to exact measure- 
ments and similarity of conditions. These considerations were 
of weight in determining that the tests herdn reported shouM be 
largely of laboratory character rather than rood tests. 

The first series* of tests was made during May and June 1898. 
The method employed in making the tests was as follows: — 

A Mogul freight locomotive, which had been in service 21 
months and which was about to be sent to the shops for repairs and 
new tubes, was set in the roundhouse and the boiler tested by the 
standard method. The locomotive was then sent to the shops and 
the toiler carefully cleaned and retubed. All the scale was re- 
moved and samples analyzed from nine different parts of the boiler. 
It was then sent back and again tested for evaporation under the 
same conditions as before cleaning'. Before making the trials 
with the clean tubes the locomotive was allowed to make one or 
two trips on the road so as to insure its being thoroughly clean. 
The tests were made in the round-house at Champaign, Illinois. 

The locomotive was set in the roundhouse over a pit and the 
tender removed. A car of coal was then run in back of the en< 
gine and on this were arranged the scales for weighing the 
coal. All of the feed water was weighed and tiien delivered into 
a tank placed on a platform by the side of the car, and connected 
with the suction pipe of the injector. 

The slide valve on one side of the locomotive was moved 
back far enough, by disconnecting the valve rod, so that the steam 
generated could pass directly into tlio exhaust, and tlius out 
through the nozzle and produce the necessary draft as usual. A 
2-in." pipe was also run from the dome to the atmosphere, a valve 
in tlie pipe furnishing additional means of disposing of the steam 
generated. The tests were started by the standard method, i. e., 
raising steam to the running pressure, drawing the fire and start- 
ing with weighed wood. 

At the end of the tests the ashes were all weighed. One of 
the regular rofid firemen fired for all the tests and the boiler and 
furnace were operated under the usual road conditions. A series 
of observations was made during these tests, to determine the re- 

*Tlils twt eanBttcated Cbe tkaita tor gmUxM^km off Htmn. F. B. Annstfooff >iid J> N. 
Herwlf. 
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lation between, the blast-pipe pressures and vacuum in smoke box 
and furnace, as well as the velocity of the gases in the stack at 
various points alonpr two diameters at right angles to each other. 
The locomotive ui>on wliich the teht;-. wore made was a Mog^l 
Ireight engine made by the Rogers Locomotive Works, and was 
one of nineteen in use at that time on the Chicago division of the 
Illinois Central Railroad between Champaign and Centralia» Illi- 
nois. Fig. 1 shows the arrangements just described and gives a 



general view of the locomotive. 
Leading dimensions: 

Ko. of Locomotive , 420 

Diameter of cylinder 19 in. 

Stroice 26 in. 

Dlsmeter of drlveTS. 56^ in. 

Weigh t on drivers 106,400 lbs. 

Weight on trucks 19,(i00 lbs. 

Total weight of engine 126,000 lbs. 

Diameter of boiler 62 in. 

Number of tubes '. . . 236 

Diameter of tubes. 2 in. 

Length of tubes. 11 ft. 1 in. over 

. tube slieets 

Length of firebox Ui^ in. 

Width of firebox 33| In. 

Depth of tirolx>x, front end 67J in. 

DeptlT of firebox, back end 59} in. 

Length of grate 114^ in. 

Width of grate 33| In. 

Diameter of dry pipe 8 in. outside 

Diameter ui steam dome 29J in. inside 

Heiglit of steam dome 28 in. 

Kind of lagging Magnesia sec> 

Goverrdng proportions: tional 

Grate area 26.45 S(i. ft. 

Total liealing surface 1531.6 sq. ft. 

Area of draft through tubes iS73.6 sq. in. 

r>a t i( > of grate to heating surface. . . €7.9 

Fuel used: 

Commercial name Otlin 

Commercial size. . . Mine run 

Lumps per cent 75 

Small coal per cent * * 20 

Slack per cent 5 

Heat uDits per lb. of dry coal (by calorimeter) 12,240 



The results of these tests are exhibited in the accompanying 
tables. 
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TABLE 1 

Loo OF Observations (Jiving Average Values 
Locomotive No. 420 Illinois Central Railroad 





First Series 


Second Series 




Soale In 


deuwfl 




Bolter 


Boiler 




Mar S 


May .3 


May 81 


June 1 


Duration of trial, hours 


8.38 


8.17 


H.flS 


8.16 ■ 


StOttiii pressure liv usik'e 


143 


HO 


116.40 


114 




S 


2 


2.U 


2.8 


Tampentiure of roandhouae (Aegreea P.) 


78 


68 


79 


W 


Temperatare of teed w»ter in tank (deirrees F.). . . 


97 




S6.5 


90.4 


Temperature of esoairinK fflMS (d«irree8 F.) ..... . 


688 


670 


681 


687 




368 


860 


848 


346 




4.0 


4.0 


4.0 


4.0 




15.6 


15 6 


16.6 


18.7 




,.» 


t» 


2.86 


S.85 



TABLE 2 

Results of Evaporatiox Test or Locomotivk Boileb 
Engine Xo. 420, Illinois Central liAiLKOAD 



First Serios: After running 21 months and accumulating 
a scale deposit to e\ inch thick. 

Second Series: After cleaning and putting in new tubes. 





Fir<:f Series 

Sv:>\r in 

Boiler 


Second Series 
Clean Boiler 


Evaporative 
Performance 


Water actually evaporated per lb. 

RnnirsleDt water from and at 818* 

F. iior lb. of dry oodl 

Water actually evaporated per lb. 

Equivalent water from and at 212" 


May 8 

lbs. 
5.81 

6.S9 

IT 

,.« 


Mays 

lbs. 
5.87 

6.39 
6 S5 
7.S0 


Mean 
Ib.s. 

5.84 

6.34 
6.21 
7.58 


.May 31 
lbs. 
5.61 

6.90 
6.95 
8.88 


Junei 

lbs. 
6.85 

7,(M 
7.16 
8.61 


Meali 
Iba. 

5.88 

7.01 

7.05 
8.48 


Rat« of 
Combus- 
tion 


Dry coal burned per hoor per st\. 

l*cr sii. ft. uf tulie (ii>'Tiintr 

Per 84. ft. of water beating surfiux; 


57.45 
3M.80 
.93 


58.51 
402.10 
.96 


57.95 
398.40 


59.80 
411.00 
.97 


60. 00 
412.80 

.« 


59.90 
411.90 

.« 


Rate of 
Evaporation 

1 1 


Water cvaporatt^d per hour from 

and at 213" F. r"^r si(, ft of i;rute 

Per S4. ft. of imterheattnv curtaee 


»I86.00 
8.88 


374.40 
2573.00 
6.08 


368.10 
SS89.00 
5.89 


418.00 
j8T4.00 
6.81 


416.00 
2^7.00 
6.76 


417.00 
286d.00 
6.7B 
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EFFECT OF SCALE OJS BOIIiBR TUBES • 7 

The los8 due to scale in this boiler was (7.01 minus 6.34) 
divided by 7,01 or 9.55 

The water used in the locomotive tested was taken from tanks 
at Centralia, Kinmundy, Little Effingham, Neoga, Dorans, Galton 
and Champaign. From the thickneas of scale depofilited during 
the 21 months it is evident that these waters are comparatively 
good lor this section of the country. 

The average thickness of the scale on the principal heating 
surfaces was ^ in. The total weight of scale removed on clean- 
ing was 485 lbs. The boiler had been in regular service during 
the 21 months. 

The locomotive was cleaned and retubed at the Burnside 

shops of tho Illinois Contral Railroad. Whon the boiler was opened 

all the scale removed was carefully weij^jhed, the scale on the 

tubes being determined by weighinj^ the tubes before and after 

cleaning them. The scale from the shell and firebox sheets that 

could be removed was carefully collected. The total weight of 

scale was as Xoliovvs: — 

Weight of scale from flues 360 lbs. 

Weight of scale from shell 125 lbs. 

Total weight of scale 485 tbR. 

At nine different ix)ints in the boiler the thickness of the 
scale was determined by the averafro of many measurements, and 

samples were secured for analysis as follows: — 

Point 1. Near injector discharge, liard and soft scale I in. thick. 

2. Od upper lubes, liard smoolh scale uniform tiiickness j^^^ in. 

3. On lower tubes, hard scale mar middle, A In. thiclc. 

4. Mud ooveriug hard scale at No. 3, ^ to. thick. 

5. Scale from side sheet, flue sheet, and tiihcs rough and scaly. 

6. From bottom of barrel, 4 ft. from Hue shuet. 

7. On crown stays, 3 in. to 6 in. from crown slieet. 

8. On crown sheet, rivet heads and base of stays. 
0. From stay bolts at water line. 

The results of thf analyses of these scales calculated to com- 
pounds are shown in Table 3. 
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lAlSLh ;{ 

Results of the Analyses* of I^oilkk Scale fkom Engine No. 420 
SCALB CoNsriTUKNXd Calcula ! TO Compounds and £xPRfi»a£D 

IN VlAi CENT 



Point No. 


Silica SiO, 

i 


i " 
1 

Br.< 

- ►< * 

a ■ 


1) 

:9 
J3 

ft ^ 

|5 

"S 
"3 
o 


3} 

d 
fl 

Id 
'i'i 

"3 


I Calcium Oxide 
CnO 


0 

B 

Is 


s 

Is 

V 
B 
!» 

s 


Oriranic Matter i 
and Undetermined \. 




7.70 


3.20 


10.86 


65 XI 






0.55 


2.7>< 


4 


25.30 


7.10 


16 45 


20. 




3.05 


19.58 


7.67 


3 


8.00 


4.90 


21.22 


48.90 


i.W) 




4.48 


10.51 


4 


7.84 


3 27 


4.38 


61.17 






5.47 


O.TS 


ft 


15.89 


4.80 


11.88 


MM 


« » ■ a 


8.71 


7.88 


11.70 


6 


It.SS 


7.70 


1.87 


«7.« 






9.10 


S.71 


1 


18.25 


6.M 


1.95 


45.51 






16.77 


4.88 


8 


13.05 


7.85 


40.03 


24.33 


1.14 




9.12 


4.48 


9 


12.-0 


tt.75 


11.73 


28 32 






18.45 


0.11 



The loss, as foimd by these trials, due to the presence of 
scale, was 9.55 ^ of the fuel. 



Experiments with Sinole Tubes 

The last three series of experiments to determine the iu.ss due 
to .scale have been laboratory expeiimonts entirely. They were 
made during the years 1901, 1904 and 1905, and are referred to as 
the series of 1901, 1904 and 1905 respectively.* 

The locomotiye boiler tubes upon which the experiments were 
made in 1901 were furnished by the Peoria and Eastern division 
of the Cleveland, Cincinnati, Chicago and St. Looia, the Illinois 
Central, the Chicago, Burlington and Quincy, and the Chicago, 
Milwaukee and St. Paul Railways. The tubes used in 1904 and 
1905 were furnished by the first two railroad companies mentioned 
above. Table No. 4 gives information concerning these tubes. 
Fig. 2 shows some of the tubes tested. 

*The8e ezpertments were condaoted by tbe followloc men u ttwses for vraduatlon: Herlaa 
of 1901. by F T. Mi Cun. . Series of lOM. by W. A. Hlsklmen sod C. N. Stone: Snies <rf 1806, 

by H. F. Uodeke and A. A. Hale. 
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TABLE 4 

The Tkansmission of Ukat thkough Scale-covered Boiler Tubes 
Railway Engineering Department— Univbhsety of Ii,linoI8 



Tube Number 


>> 

St 

■a 
o 

» 


of Enifine from which 
Tube was taken 


igth of time in service 
Months 


side Diameter of Tube 
Inches 


rage Thickness of Scale 
Inches 




REMARKS 
Oenerftl CliMcaeter of Seale. EM. 






o 


►3 


4i>a 

3 

o 


Avei 


• 




1 




a 


4 


5 


6 





Series of luol 



1 


I. C. U. K. 




10.5 


S 


0 (16 


Even, hard, dense 




P. Jc K. KY. 




V\.'S 




om 


Sufi, poruus. Hemovod in places 


8 


F. A E. RY. 


5ae 


h.f> 


2 


0 02 


B»nl» dense, white 


4 


C. M. & ST. P. 


i«e 






<>.o;i 


Hartl. dense. 'w1iite< 


5 


C. M. & ST. P. 






i 


0.13 


Hani, dense 


6 


1. C. It H. 




b'.h 


9 


0.07 


M;icu»r<; darlDK service, iseix* 


7 


P. « £. BY. 


518 


;t7.."> 




0-tU 


Hsrd. dense. roDgh. ooe eod. Soft, porous at 














the other 


« 


C. B. & Q. 


1179 






0.11 


Hard, poroas, gray. Mlleege. 50ew 


11 


I. C. B. B. 


iitr: 


^' 


•J 


0.(?9 


.Soft, porous 


\i 


V. ii. E. RY. 


.... 


.... 


2 




New and clean tube 



S^IES OF 1904 



1 


I. ('. It. li. 


41 


16 




0.04 


Hard. eray. labadoonditloa 


i 


I. ('. It. li. 


41 


1« 




0.07 


T^ofisp, srray 


8 


I. C. U. 11. 


41 


Ifi 




Ohm 




i 


I. C. R. K. 


lit 




2 


0.(h". 


Wliiti.'. porous. Kumoved In places . 


5 


I. C. u. k. 


141 




o 


0.O1 


\viiit<.\ purous. Hetnoved inplaees 


6 


I. C. It. u. 


141 






0,08 


White, porous 


7a ,C.c :.(;. .S; ST. r.. 


54<t 




>> 


iJ.fW 


Whit*', soft. irr*-tfular 


7b iC'.C.C. .S. ST. L. 


;i40 




2 


0.U5 


White. soft., irregular 


Sa 


C.C.C. S'J\ I. 


r>40 




•> 


0.O5 


Hard, while, trrecular 


sb 


CC.C. it ST. L. 


MO 




o 


0,04 


Uurd, whitu 


9 


I» C. Bk R> 






i 


0.06 


Hard 


10 


I. C. R. R. 


440 




9 


0.08 


Hard, gray 


11 


I. C. K. R. 


440 




2 


O.tt) 


Gray, poroos 


12 


1. C. K. H. 


440 




8 


o.o;f 


iU\iy, porous 


18 


L a R. R. 


.... 




2 




Clean tube 


Sbbies of 1^ 


3 


I. C. R R 


\m 


18 




0.07 


Medium 


4 


I. C. K. H. 




h 


2 


0 05 


Ha ril 


8 


C.C.G. it. ST. L. 


533 


10 


2 


0.03 


Soft 


9 


C.G.G.&ST.L. 


293 


14 


8 


O.OB 


Very soft 


10 


I. C, R. R. 


14S4 


10 


2 


0.07 


Soft 


II 


C.C.C. & ST. L, 


233 


It 


o 


0.04 


Very soft 


IS 


L C. R. R. 


140 


21 


S 


0.07 


Hard 


\3 


1, C. R R. 


30.3 


18 


S 


0.08 


Hard 


U 


I. C. R. R. 


1004 


21 


2 


004 


Medium 


15 


L C. R. R. 


1012 


12 


2 


0.03 


Very hard 


7 












dean tube 
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These tests were made as laboratory tests on account of the 
dosire to make coini)arative tests under entirely similar conditions 
except in regard to the scale itself and in 07-dcr that more exact 
measurements might be made than were found ]iossible with road 
or roundhouse tests. The appaiatus used lu ail of these tests 
has been practically the same from year to year. It is shown 
in Fig. 3, 4, and 5 and consists of a long water chamber 
tbiongh wbicb the tube to be tested was passed, and in which 
water was circulated. On one end of this water chamber was 
fastened a combustion chamber, at the forward end of which was 
placed a burner. This burner was supplied with gas and air. 
Combustion took place in the chamber, which served the purpose 
of the firebox. The hot gases passed through the boiler tube to 
the air. The water entered the water chamber at the right, leav- 
ing it at the left as indicated in Pitr. H, at both of which points its 
tem]->p?-Htnro was read upon the thermometers there sho^vn. The 
water tank received the water from the city mains. It was pro- 
vided with an overflow, as shown, and the water was led dii'ectly 
down from the bottom of this tank to the water chamber. This 
was used in order to give a constant pressure at the inlet and 
thus to avoid variations in the rate of flow of the water. The gas 
and air tanks were arranged to give constant pressures of gas and • 
air. The inner vessels, open at the bottom, float in water contained 
in the outer tank and conflne the air or gas in the space above 
the water level. These inner tanks can be weighted at will to 
give any desired pressure to the air or gas contained within them. 

During the tests of 1901 a copper ball pyrometer wn« employed 
to obtain the temperatures of the gases entering the tube being 
tested. For the series of 1904 and 1905 a Le Chatelier pyro- 
meter was employed for this puipose. The lot ation of tlie pyro- 
meter is shown in Pig. 3. The temi)erature of tlie gases as they 
left the Hue was read on the thermometer shown at the end of 
the tube. 

Tiie purpose of the tests was to measure the number of heat 
units transmitted per hour through the different tubes. This waa 
accomplished by weighing the water which circulated around the 
tube in the water chamber and measuring its rise in temperature. 
The attempt was made to maintain a constant furnace temperature 
at the entrance to the tubes throughout all experiments of each 
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series and thereby have available for transmiteion the same 
amount of lieat, since the amounts of gas and air supplied to the 
burner were continually the same. 
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The method of conductiug a test was as follows: 
The burner was first lighted and the gas and air pressures ad- 
justed, then the flow of water through the water chamber was reg- 
ulated and the apparatus allowed to run until aU €x>nditions had 
become uniform. This usually occupied about one hour, at the 
end of which time the test was started. 
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At the beginninfiT of a test for the series of 1901 a determination 
of temperature was made by the oopper ball pyrometer and read* 

ings were taken on all three thermometers, which readings were 
also taken at intervals of five minutes throughout the test. At 
the end another determination was made of the furnace teini)era- 
ture, and the water which had Howed through the chamber was 
weighed. 

Observations for the tests of 1904 and 1905 were taken in a 
similar manner except that all temperature readings including 
that of the furnace were taken at regular intervals of 10 minutes. 

Table No. 5 gives a summary of the data of the various tests 
and also the calculated results. The furnace temperature was 
not maintained quite the same throughout the tests, as an inspec- 
tion of Table No. 6 will show. It was likewise impossible to 
maintain the average temperature of the circulating water the 
same during all the tests. Consequently the range of tempera- 
ture between the gases in the tube and the water varied some- 
what. Since the rate of transmission of heat through the tube 
varies directly with this range in temperature it is necessary, in 
order to compare the conductivity of the different tubes, to reduce 
the actual amounts oX heat transmitted to wliat they would have 
been for one standard range of temperature. This standard 
range was assumed the same as the range existing during the 
test of a new clean tube, such a tube being tested with each se- 
ries of tests. 

These derived figures are given in column 14, Table No. 6, 
and they show the amounts of heat which would have been trans- 
mitted in each case had the diiference between the temperature 
of the gases and the temi^erature of the water been the same in* 

all tests of that particular series, i. e., the same as during the 
tests of the clean tube then tested. It is from the figures in this 
column that the losses due to scale are computed. This loss ex- 
preSvSed as a per cent is exhibited in column 15 of Table No. 5. 

Table N(v H gives the chemical analyses of the scale found 
ui)on the tubes tested in the series of 1901, l\hH and 1905, The 
constituents of the scale are calculated to compounds and ex- 
pre.ssed iis per cent. These analyses were made by the Chemical 
department of the University of lUuiois. 
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TABLE 6 

Tbb Tbanbmihhion of IIuat turouou 8cale-€ovebbd Boiler Tubes 

BAILWAT ENGINBBBIKa DEPABTMENT^UKITBIBBITr OF ILLINOIS 
CHEMICAL ANALYSBS OF SCALE 
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Table No. 7 privos a sTimTnary of the data and re.sults. In it 
are ^iven for each tube the corresponding average loss as deter- 
mined by the several experiments, as well as the tliickness and 
some oi the results of analyses. From this table there have been 
plotted five diagrams — Fig. 6, 7, 8, 9 and 10, which exhibit the 
loss due to the scale with reference to thickness, hardness and 
chemical composition. Fig. 6 shows the loss due to scale plotted 
with reforoneo to its tliickness. F\g. 7 is identical with Fig. 0, 
except that the letters 11, S oi- M ha\ e i)een added at the various 
points to indicate the scale as being eitlier hard, soft, or medium. 
In Fig. 8, 9 and 10 the loss due to the scale is plotted with refer- 
ence to lAie amount of its chemical constituents; in ilg. 8 with 
reference to the sum of the iiercentages of calcium carbonate and 
nuiLir -^i :Tri < irbonate; in Fig. 9 with reference to the percentage 
of calcium sulphate; and in Fig. 10 with reference to the percent- 
age of silica. 

In the series of 1901 there are a few tests which indicate an 
increase of conductivity of the scaled tube as compared with the 
clean tube. These are perhaps to be accounted for by errors in 
conducting the experiments, although they could not be detected 
at the time the experiments were made. The apparatus used in 
1904 and 1905 was improved in some particulars, the most import- 
ant change Ix'ing in the means for tlie measurement of furnace 
temperatures. Such discrepancies disappear in the latter series. 

When the experiments were planned it was considered prob- 
able that the transmission of heat through the scale was prinei* 
pally dependent upon two of its characteristics, namely, its thick- 
ness and its mechanical structure and that probably, for such tluck- 
nesses as are usually met with, thickness had greater influence than 
structure. Thick-ncss was therefore carefully determined and 
structure approximately designated as in Table 1, as hard, soft 
or medium, no more exact characterization of structure being 
possible with tubes collected from different sources as these were. 

It was hoped that the experiments might develop, if perhaps 
only approximately, some law of variation of conductivity with 
thickness. After m along allowance for i^robable errors due to 
the method of conducting the tests, consideration of Pig. (3 shows 
perhui>s a decrease of conductivity with thickness; but certainly 
no jegularity of variation. In Fig. 7 the loss in heat transmis- 
sion is again plotted with reference to thickness; and the struc* 
ture of the scale, in so far as it was determined, is indicated as pre- 
viously explained. No regularity of variation is observable with 
respect to hardness or softness. 
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TABLE 7 

SUMMARY 

The Transmission ok Heat tiikouou Scale-covered Boiler Tttres 
Railway Engineerixo Department — University of Illinois 
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In considering Fig. 6 and 7 it must be borne in mind that the 
tubes tested were taken from locomotives which had been in ser- 
vice in difforont parts of the country and that tho scale on each 
tube WHS made up of the mineral constituents of many different 
water suijplies. What is designated as hard scale in one case 
may be very diffei* iii in .structure — iu porosity, for example — fix)m 
what is designateii as liard scale on another tube. Pig. 7 cannot 
therefore be considered as providing conclusive evidence concern- 
ing variation of conductivity with structure. The results may 
properly be interpreted as indicating that mechanical strncture is 
at least as important a &ctor in the change in heat transmission 
due to scale as is the mere thickness. Such a conclusion is, of 
course, in accord with the facts concerning other heat insulators. 

Fig. 8, 9 and 10, in which Idle loss in heat transmission Is 
plotted with reference to the principal chemical constituents of 
the scale, do not warrant the conclusion that its chemical composi- 
tion has any direct influence on its conductivity. 

From the point of view of the physicist the exiieriments are 
open to objection as to method. Prom the engineer "s viewpoint 
it is beheved that the possible errors of the experiments do not, 
by any means, account for all the irregularity in the plotted results, 
and considering the controversy ujxjn tliis subject and the com- 
paratively igeager informiktion available, it is deemed proper to 
publish at this time the results as they stand in the hope that 
they contribute additional information which may be of interest in 
some quarters. 
Condnsions: 

In so far as generalisation is warranted we may sum up the 

results of the tests in the following conclusions: 

1. Considering scale of ordinary thickness, say of thicknesses 
varying up to I inch, the loss in heat transmission due to scale 
may vary in individual cases from insignificant amounts to as 
much as 10 or 12 per cent. 

2. The loss increases somewhat with the thickness of the scale. 

3. The mechanical structure of the scale is of as much or more 
importance than the thickness in producing this loss, 

4. Chemical composition, except in so far as it affects the struc- 
ture of the scale, has no direct influence on its heat transmitting 
quidities. 
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